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(54) Microporous crumbs of hydrogenated block copolymers and process for producing the 
same 

(57) Microporous crumbs of a hydrogenated block 
copolymer, produced by the process comprising feeding 
a solution of a hydrogenated block copolymer in a 
hydrocarbon solvent at a concentration of said hydro- 
genated block copolymer within a range from 5% to 
60% by weight into hot water with keeping the tempera- 
ture of said solution at 40°C - 150°C to conduct steam 
stripping at a temperature higher than the boiling point 
of the hydrocarbon solvent or higher than the azeotropic 
point of the hydrocarbon solvent and water when they 
form an azeotropic mixture and lower than 150°C, 
wherein said hydrogenated block copolymer is one 
which is obtained by hydrogenating more than 50% of 
unsaturated bonds derived from conjugated diene of a 
block copolymer having at least one polymer block con- 
sisting essentially of a vinyl aromatic compound and at 
least one polymer block consisting essentially of a con- 
jugated diene in which the weight ratio between the 
vinyl aromatic compound and the conjugated diene is 
within a range from 5/95 to 95/5, a bulk density of said 
crumbs is more than 0.18 g/cm^, a total volume of 
micropores of said crumbs is more than 0.4 cvrP/g and 
a ratio of the sum of the volume of micropores having a 
pore diameter within a range from 0.1 4 to 3.9 |Lim based 
on the total volume of the micropores of said crumbs is 
more than 8% are provided. The microporous crumbs 
can absorb a softening agent, a plasticizer and the like 
uniformly and rapidly have excellent handling property 
and provide molding compounds free of non-melted 
matters. 
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Description 

The present invention relates to microporous crumbs of a hydrogenated block copolymer comprising at least one 
polymer block of a vinyl aromatic compound and at least one polymer block of a conjugated diene, and the process for 
5 producing the same. The crumbs of the present invention absorb a softening agent, a plasticizer and the like uniformly 
and rapidly have excellent handling property even after the absorption of them, and provide molding compounds free 
of non-melted residuals [residual solids remained as not melted (hereinafter simply referred to as "non-melted mat- 
ters")]. 

The hydrogenated block copolymer comprising at least one polymer block of a vinyl aromatic compound and at 

10 least one polymer block of a conjugated diene (hereinafter simply referred to as "hydrogenated block copolymer") is not 
only excellent in weather proofness, heat resistance, impact resistance and flexibility but also shows, without vulcani- 
zation, good strength and elastic property comparable to those of conventional vulcanized rubber, so that it has been 
utilized widely in the fields of daily necessities, parts of an automobile, parts of a light electrical appliance, parts of var- 
ious industrial products and the like. 

15 As prior art references which disclose the process for production of hydrogenated block copolymers, following doc- 
uments are exemplified: Canadian Patent No. 815,575, British Patent No. 1,043,023 and US Patent Nos. 3,333,024, 
3,644,588, 3,686,366 and 3,700,748. 

The hydrogenated block copolymer is usually produced by polymerizing a vinyl aromatic compound and a conju- 
gated diene in a hydrocarbon solvent to give a block copolymer and hydrogenating said block copolymer. This process 

20 needs a step to isolate the hydrogenated block copolymer from the hydrocarbon solvent, because the hydrogenated 
block copolymer is obtained as a form of a homogeneous solution or a suspension in the solvent. Various methods have 
been utilized to isolate the hydrogenated block copolymer from the hydrocarbon solvent. Among them, a steam strip- 
ping method has been known as described, for example, in Japanese Patent Publication Nos. Sho 57-47684 and Sho 
57-53363, wherein a solution of a hydrogenated block copolymer in the hydrocarbon solvent is introduced into a hot 

25 water in order to remove the solvent by distillation together with water and to make crumbs of the hydrogenated block 
copolymer deposite. 

However, crumbs of the hydrogenated block copolymer obtained by the steam stripping method suffer from disad- 
vantages as follows: (a) The crumbs cannot absorb a softening agent, a plasticizer and the like uniformly and rapidly, 
since the total volume of the micropore of the crumbs is too small or the ratio of sum of the volume of micropores having 

30 pore diameter within a specific range relative to the total volume of the micropore of the crumbs is too small although 
the crumbs have micropores with a moderate pore diameter in average, (b) The crumbs have poor handling property 
after the absorption of the softening agent, plasticizer and the like, and provide a molding compound with considerable 
non-melted matters when knead with a resin such as polypropylene or polyethylene, since the pore diameter of the 
crumbs is too large or the bulk density of the crumbs is too low. 

35 It is an object of the present invention to provide microporous crumbs of a hydrogenated block copolymer which 
absorb a softening agent, a plasticizer and the like uniformly and rapidly have excellent handling property and provide 
kneaded molding compounds free of non-melted matters upon kneading. 

Further, it is another object of the present invention to provide a process for the production of the above-described 
microporous crumbs. 

40 These objects of the present invention can be achieved by the invention described below. 

The present invention provides microporous crumbs of a hydrogenated block copolymer, wherein said hydrogen- 
ated block copolymer is one which is obtained by hydrogenating more than 50% of unsaturated bonds derived from 
conjugated diene of a block copolymer comprising at least one polymer block consisting essentially of a vinyl aromatic 
compound and at least one polymer block consisting essentially of a conjugated diene in which the weight ratio between 

45 the vinyl aromatic compound and the conjugated diene is within a range from 5/95 to 95/5, a bulk density of said crumbs 
is more than 0.18 g/cm^ a total volume of micropores of said crumbs is more than 0.4 cm^/g and a ratio of the sum of 
the volume of micropores having a pore diameter within a range from 0.14 to 3.9 luim based on the total volume of the 
micropores of said crumbs is more than 8%. 

Further, the present invention also provides a process for producing the microporous crumbs, which comprises 

50 feeding a solution of the hydrogenated block copolymer obtained by hydrogenating more than 50% of unsaturated 
bonds derived from conjugated diene of a block copolymer comprising at least one polymer block consisting essentially 
of a vinyl aromatic compound and at least one polymer block consisting essentially of a conjugated diene in which the 
weight ratio between the vinyl aromatic compound and the conjugated diene is within a range from 5/95 to 95/5 in a 
hydrocarbon solvent at a concentration of said hydrogenated block copolymer within a range from 5% to 60% by weight 

55 into hot water with keeping the temperature of said solution at 40**C - 1 50°C to conduct steam stripping at a temperature 
higher than the boiling point of the hydrocarbon solvent or higher than the azeotropic point of the hydrocarbon solvent 
and water when they form an azeotropic mixture and lower than 150°C. 
The present invention is described in details. 
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The crumbs of a hydrogenated block copolymer provided by the present invention comprise the hydrogenated 
block copolymer obtained by hydrogenating more than 50% of unsaturated bonds derived from conjugated diene of a 
block copolymer comprising at least one polymer block consisting essentially of a vinyl aromatic compound and at least 
polymer block consisting essentially of a conjugated diene in which the weight ratio between the vinyl aromatic com- 
5 pound and the conjugated diene is within a range from 5/95 to 95/5, preferably, from 10/90 to 90/10. 

If the weight ratio between the vinyl aromatic compound and the conjugated diene in the block copolymer is out of 
the range from 5/95 to 95/5, crumbs tend to cause blocking with each other in the production process thereof. On the 
other hand, if the hydrogenation ratio is out of the above-mentioned range, the heat resistance of the hydrogenated 
block copolymer is poor to cause thermal decomposition of the hydrogenated block copolymer in the production of the 
10 crumbs, coloration of the crumbs or deposition of crumbs to the production apparatus. 

The structure of the hydrogenated block copolymer is represented, for example, by the following general formula: 

(A - B)k, 

15 (A - B - A)k 

wherein A represent a polymer block consisting essentially of a vinyl aromatic compound, B represents a polymer block 
consisting essentially of a conjugated diene such as isoprene or butadiene and k is an integer of 1 to 5, or 

20 ((A-B),-)^X 

((B-A)n -)mX 
((A-B-A)n-)mX 

25 

((B-A), -)^X 

wherein A and B have the same meanings as defined above, X represents a residue of a coupling agent, for example, 

silicon tetrachloride, tin (IV) chloride, polyhalogenated hydrocarbon, carboxylic acid ester such as phenyl benzoate or 
30 vinyl compound such as divinyl benzene, or a residue of an initiator, for example, an organolithium compound, and m 

and n each represents an integer of 1 or more. 

The vinyl aromatic compound, includes, for example, styrene, o- or p-methyl styrene, p-tert-butyl styrene, 1 ,3-dime- 

thyl styrene, a-methyl styrene, vinyl naphthalene and vinyl anthrathene. Among them, styrene is preferably used. The 

vinyl aromatic compound can be used alone or in combination. 
35 The conjugated diene includes, for example, 1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, 1 ,3 -pentad iene 

and 1 ,3-hexadiene. Of these, 1 ,3-butadiene or isoprene is preferably used. The conjugated diene can be used alone or 

in combination. 

The hydrogenated block copolymer can be substituted with functional group on at least one terminal of the molec- 
ular chain. The functional group referred to herein is an atomic group containing at least one of atoms such as nitrogen, 
40 oxygen, silicon, phosphorus, sulfur and tin. The functional group includes, for example, carboxyl group, carbonyl group, 
thiocarbonyl group, acid anhydride group, thiocarboxy group, aldehyde group, thioaldehyde group, carboxylic ester 
group, amide group, sulfonic group, sulfonyl ester group, phosphoric group, phosphonyl ester group, amino group, imino 
group, nitrile group, epoxy group, epithio group, sulfide group, isocyanate group, halogenated silicon group and hydroxy 
group. 

45 The hydrogenated block copolymer can be produced by any known method such as anionic polymerization proc- 
ess and cationic polymerization process. As an example of a specific method for the production of the hydrogenated 
block copolymer, a method which comprises polymerizing a vinyl aromatic compound and a conjugated diene succes- 
sively in a hydrocarbon solvent using an organolithium compound as a polymerization initiator to form a block copoly- 
mer and hydrogenating the formed block copolymer is illustrated. 

50 The hydrocarbon solvent used in this process includes, for example, aliphatic hydrocarbon such as butane, pen- 
tane, hexane, isopentane, heptane, octane and isooctane, cycloaliphatic hydrocarbon such as cyclopentane, methylcy- 
clopentane, cyclohexane, methylcyclohexane and ethylcyclohexane, and aromatic hydrocarbon such as benzene, 
toluene, ethylbenzene and xylene. The hydrocarbon solvent can be used alone or in combination. 

Further, as the organolithium compound for the polymerization initiator, a lithium compound having one or more 

55 lithium atoms in one molecule is used. The organolithium compound includes, for example, ethyl lithium, n-propyl lith- 
ium, isopropyl lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, hexamethylene dilithium, butadienyl dilithium 
and isoprenyl dilithium. The organolithium compound can be used alone or in combination. 

Upon polymerization, a randomizing agent can be used in order to control the polymerization rate, the microstruc- 
ture of the polymer block of conjugated diene (cis-, trans-structure or degree of vinyl bond content), and the ratio of 
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reactivity between the vinyl aromatic compound and the conjugated diene. The randomizing agent includes, for exam- 
ple, ethers such as dimethyl ether, diphenyl ether, tetrahydrofuran, diethylene glycol dimethyl ether and diethylene gly- 
col dibutyl ether; amines such as trimethylamine, triethylamine, tetramethyl ethylene diamine and cyclic tertiary amine; 
and phosphorus compounds such as triphenyl phosphine and hexamethyl phosphoroamide. 

5 For the formation of the block copolymer, the time for polymerization can be determined as required for the polym- 

erization of the vinyl aromatic compound and the conjugated diene, and the temperature for polymerization is generally 
within a range from -10°C to 150°C, preferably from 40°C to 120°C. 

The number average molecular weight of the thus formed block copolymer for hydrogenation is generally within a 
range from 5,000 to 1,500,000, preferably from 10,000 to 500,000. 

10 The block copolymer is hydrogenated in accordance with any known method as disclosed, for example, in Cana- 
dian Patent No. 815,575, British Patent No. 1,043.023 and US Patent No. 3,333,024, such that more than 50%, prefer- 
ably, more than 80% of the unsaturated bonds derived from conjugated diene of the block copolymer should be 
saturated. For the hydrogenation of the block copolymer, it is preferred to use the same hydrocarbon solvent as that 
used for the formation of the block copolymer. Further, as the hydrogenating catalyst, a carried type heterogeneous cat- 

15 alyst that carries metal such as Ni, Pt, Pd or Ru on a support such as carbon, silica, alumina or diatomaceous earth, or 
a Ziegler type homogeneous catalyst comprising an organic acid salt of Ni, Co, Fe or Cr in combination with a reducing 
agent such as an organoaluminum compound can be used. 

As a result of the hydrogenation, the hydrogenated block copolymer can be obtained in the form of a solution in a 
hydrocarbon solvent. 

20 The microporous crumbs of the present invention have a bulk density of more than 0.18 g/cm*^, preferably, more 
than 0.20 g/cm^, the total volume of micropore of more than 0.4 cm^/g and the ratio of the sum of the volume of micro- 
pores having the pore diameter within a range from 0.14 to 3.9 juim of more than 8% based on the total volume of the 
micropores. If the bulkdensity of the crumbs is less than 0.18 g/cm^, handling property of the crumbs after the absorp- 
tion of a softening agent, a plasticizer or the like is poor. Where the total volume of the micropores of the crumbs is less 

25 than 0.4 cvrP/Q, the crumbs cannot absorb sufficient amount of a softening agent, a plasticizer and the like. Also with 
regard to the distribution of the pore diameter, if the ratio of the sum of the volume of micropores having the pore diam- 
eter within a range of 0.14 to 3.9 luim based on the total volume of micropores of the crumbs is out of the above-men- 
tioned range, the crumbs cannot absorb a softening agent, a plasticizer and the like uniformly and rapidly 

Further, it is preferred that the microporous crumbs of the present invention contain ones within a range of particle 

30 size from 0.2 to 5 mm at a ratio of more than 90% by weight based on the total weight of the crumbs. If the ratio of the 
crumbs having the particle size smaller than 0.2 mm is too much, the crumbs lose the excellent handling property and 
also tend to cause a problem of generation of dusts in use to make the working environment worse. On the other hand, 
if the ratio of crumbs having a particle size greater than 5 mm is too much, the processability of the crumbs is some- 
times worsened. 

35 The above-mentioned microporous crumbs can be obtained by subjecting a solution of the hydrogenated block 
copolymer in a hydrocarbon solvent, prepared by afore-metioned method, etc., to steam stripping process under pre- 
determined conditions. 

It is important for the steam stripping process to control the concentration of the hydrogenated block copolymer in 
the hydrocarbon solvent within a range from 5% to 60% by weight, preferably from 1 0% to 50% by weight. Further, it is 
40 important for the steam stripping process to feed the solution of the hydrogenated block copolymer in the hydrocarbon 
solvent which is kept at a temperature from 40°C to 150°C into hot water and to conduct steam stripping at a tempera- 
ture higher than the boiling point of the hydrocarbon solvent or the azeotropic point of the hydrocarbon solvent and 
water when they form an azeotropic mixture and lower than 150*'C. 

If the concentration of the hydrogenated block copolymer in the hydrocarbon solvent is lower than 5% by weight, 
45 the efficiency of removal of the solvent is poor, since the amount of the solvent relative to the hydrogenated block copol- 
ymer is large, that is disadvantageous in view of the cost of production of the crumbs. On the other hand, if the concen- 
tration of the hydrogenated block copolymer in the hydrocarbon solvent exceeds 60% by weight, the high viscosity of 
the solution causes troubles such as clogging in the feeding step. When the concentration of the hydrogenated block 
copolymer in the hydrocarbon solvent is lower than 5% by weight, the concentration can be controlled by using a con- 
so centrator selected from one- or multi-stage flushing vessel, stirring vessel, thin layer evaporator and the like. On the 
other hand, if the concentration of the hydrogenated block copolymer in the hydrocarbon solvent exceeds 60% by 
weight, the concentration can be controlled by dilution with a hydrocarbon solvent. 

If the temperature of the solution of the hydrogenated block copolymer in the hydrocarbon solvent subjected to the 
steam stripping is lower than 40*^0, microporous crumbs can be obtained, but the low bulk density of the crumbs leads 
55 to the poor handling property of the crumbs after the absorption of a softening agent, a plasticizer and the like. On the 
other hand, if the temperature of the solution of the hydrogenated block copolymer subjected to the steam stripping is 
higher than 1 50°C, the total volume of the micropores of the crumbs is reduced to decrease the amount of the softening 
agent, the plasticizer and the like to be absorbed by the crumbs. 
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The temperature of hot water employed in the present invention is within a range usually from 80*^0 to 1 30**C, pref- 
erably from 100*^0 to 120*^0. 

If the temperature upon conducting the steam stripping is lower than the boiling point of the hydrocarbon solvent or 
lower than the azeotropic point of the hydrocarbon solvent and water, the efficiency of removal of the solvent is poor, 
5 that is disadvantageous in view of the cost of production of the crumbs. On the other hand, if the temperature upon con- 
ducting the steam stripping is higher than 150°C, problems such as coloration of the crumbs or decomposition of the 
hydrogenated block copolymer are caused. 

The temperature upon conducting the steam stripping is within a range usually from 90 to 140°C, preferably, from 
100 to120°C. 

10 In the above steam stripping process, a surfactant can be added to the hot water in a steam stripping vessel in 
order to prevent coagulation of crumbs. The surfactant includes, for example, anionic surfactants such as various kinds 
of carboxylic acid salt type surfactants e. g. soap, N-acylamino acid salt, alkylether carboxylic acid salt and acylated 
peptide; various kinds of sulfonic acid salt type surfactants e. g. alkylsulfonate, alkylbenzene or alkylnaphthalene sul- 
fonate, sulfonylsuccinate, a-olefin sulfonate, and N-acylsulfonate; various kinds of sulfate ester type surfactants e. g. 

15 sulfated oil, alkyi sulfate, alkylether sulfate, alkylallyl ether sulfate and alkylamide sulfate; various kinds of phosphate 
ester type surfactants e. g. alkylphosphate, alkylether phosphate and alkylallyl phosphate; cationic surfactants such as 
aliphatic amine salt, aliphatic quaternary ammonium salt, pyridinium salt and imidazolinium salt; amphoteric surfactants 
such as carboxybetain type surfactant, sulfobetain type surfactant, aminocarboxylate salt and imidazoline derivatives; 
or nonionic surfactants such as ether type surfactants e. g. alkyI and alkylallyl polyoxyethylene ether, alkylallyl formal- 

20 dehyde condensated polyoxyethylene ether, polyoxypropylene type block copolymer and polyoxyethylene polyoxypro- 
pylene alkyI ether; ether ester type surfactants e. g. glycerine ester polyoxyethylene ether, sorbitan ester 
polyoxyethylene ether and sorbitol ester polyoxyethylene ether; ester type surfactants e. g. polyethylene glycol fatty acid 
ester, glycerine ester, polyglycerine ester, sorbitan ester, propylene glycol ester and sucrose ester; or various kinds of 
nitrogen-containing type compounds. 

25 The surfactants can be properly selected in accordance with the conditions such as the structure of the hydrogen- 
ated block copolymer, and the solvent used in the formation of the block copolymer and hydrogenation thereof. 

In addition, the injection of an inert gas such as nitrogen, and argon into a storage vessel for the solution of the 
hydrogenated block copolymer in the hydrocarbon solvent in order to load a pressure of from 0.1 kg/cm^ to 0.3 kg/cm^, 
gets the solution easily fed to the steam stripping step. 

30 A slurry of the microporous crumbs of the hydrogenated block copolymer dispersed in water is obtained by the 
steam stripping process described above. The microporous crumbs can be isolated by subjecting the obtained slurry to 
a conventional drying process. In this drying process, it is important to set drying conditions harmless to the micropores 
of the hydrous crumbs obtained in the steam stripping process. For this purpose, it is preferred to make use, for exam- 
ple, of two stage process, wherein the obtained slurry is dehydrated by mechanical squeezing to give the wet crumbs 

35 of water content of 1% to 60% by weight in the first stage and then the water content of the crumbs is reduced to less 
than 1% by weight under heating in the second stage. 

Specifically, in the dehydrating step of the first stage, the hydrous crumbs are separated from water with a centri- 
fuge or a compressing dehydrator such as a roll, a Banbury dehydrator or a screw extrusion type squeezing dehydrator. 
It is desirable, in this stage, to reduce the water content of the crumbs to 1% to 60% by weight, preferably, 3% to 30% 

40 by weight. If the water content of the crumbs, in this stage, is higher than 60% by weight, the amount of water to be 
removed in the second stage is extremely large that is not desired in view of the cost of production of the crumbs. On 
the other hand, reduction of water content of the crumbs to less than 1% by weight in the first stage takes long time for 
dehydration or causes deterioration to the crumbs by the shearing stress suffered from the water removing machine. 
In the second stage, the wet crumbs obtained in the first stage are dried till the water content of the crumbs is 

45 reduced to lower than 1% by weight. The water content of more than 1% by weight causes such a problem as foaming 
or the like upon molding the obtained crumbs alone or together with other resin. The apparatus used for drying include, 
for example, a screw extrusion type drier, kneader type drier, expander type drier, hot blow type drier or plate type drier. 

To the microporous crumbs of the present invention, various kinds of additives can be added depending on the pur- 
pose of use. The additives include, for example, a softening agent such as oil, a plasticizer, an antistatic agent, a lubri- 

50 cant, a UV-ray absorber, a flame retardant, a pigment, a dye, an inorganic filler, an organic fiber, an inorganic fiber and 
carbon black. Various kinds of thermoplastic resins can be blended with the crumbs of the present invention. Examples 
of such thermoplastic resins are olef inic resins such as polypropylene, polyethylene, ethylene - vinyl acetate copolymer 
(EVAc), ethylene - vinyl alcohol copolymer (EVOH); polyesters such as polyethylene terephthalate (PET), polybutylene 
terephthalate (PBT) and polyethylene naphthalate (PEN); aliphatic polyamides such as nylon 6, nylon 66 and nylon 12; 

55 semiaromatic polyamide comprising terephthalic acid and various kinds of aliphatic diamine; ABS resin; AES resin; 
polypropylene oxide (PPO) and styrenic resin. 

The additives or thermoplastic resins described above and the microporous crumbs of the present invention can be 
kneaded generally by a method of mechanically kneading under melting with a kneader employed conventionally for 
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kneading of thermoplastic resins. Examples of the kneader are a single-screw extruder, twin-screw extruder, Banbury 
mixer, twin roll and the like. 

Since the microporous crumbs of the present invention have a bulk density of more than 0.18 g/cm^, a total volume 
of the micropores of more than 0.4 crvP/g and a ratio of the sum of the volume of micropores having the pore diameter 

5 within a range from 0.14 to 3.9 ixm of more than 8% based on the total volume of the micropores of the crumbs, they 
can absorb a softening agent, a plasticizer or the like uniformly and rapidly have excellent handling property even after 
the absorption of them and provide molding compounds free of non-melted matters. The crumbs of the present inven- 
tion can be molded into various kinds of molding products such as sheet, film, injection molding product, blow molding 
product, pressure forming product, vacuum forming product and extrusion molding product, or prepared into non-woven 

10 fabrics or fibrous products by means of melt-blowing method or spun bonding method. They can also be used as mod- 
ifiers for various kinds of thermoplastic resins. As specific application uses, they can be used as materials for foot wares 
such as sport shoes, leisure shoes, fashion sandals and leather shoes; adhesives used for book binding and paper dia- 
per; asphalt modifiers used for road pavement, water proof sheet and pipeline coating; materials for electric wire cables; 
home electronics products such as television receivers, stereo sets and vacuum cleaners; interior and exterior parts of 

15 automobiles such as dampers, body panels and side seals; industrial products; home goods; toys; food packaging 
materials or food container such as tray for meat and fish, vegetable and fruits packages and chilled food container; 
packaging materials for daily necessities and industrial materials; laminating agent for fabric or leather products; 
stretchable materials for paper diaper; various kinds of rubber products such as hose, tube and belt, as well as medical 
products. 

20 Other features of the present invention will become apparent in the course of the following descriptions of exem- 
plary embodiments which are given for illustration of the present invention and are not intended to be limiting thereof. 

EXAMPLES 

25 In the following examples, "parts" and "%" are on the basis of weight unless otherwise specified. Further, the phys- 
ical properties of the polymer were measured by the following methods. 

(Molecular Weight) 

30 A solution of a polymer in tetrahydrofuran was prepared and measured by gel permeation chromatography (GPC) 
at 25*^0 to determine a number average molecular weight (Mn) calculated as polystyrene. 

(Styrene Content) 

35 I R absorption spectra of the polymer were measured by an I R spectrometer to determine the styrene content in the 
polymer with reference to a calibration line prepared based on I R absorption spectra of a sample for which the styrene 
content was previously known. 

(Hydrogenation Ratio) 

40 

After dissolving the polymer in chloroform, iodine value was measured by titration with potassium iodide to calcu- 
late the hydrogenation ratio. 

(Bulk Density of Crumbs) 

45 

20 g of dried crumbs of water content of less than 1% were packed in a 200 ml measuring cylinder, and the meas- 
uring cylinder was spontaneously dropped from a vertical height of 3 cm. After that, the volume of the crumbs was 
measured to calculate the bulk density For instance, the bulk density is 0.20 g/cm^ when the measured volume of the 
crumbs is 100 ml, while the bulk density is 0.25 g/cm^ when the measured volume of the crumbs is 80 ml. 

50 

(Total Volume of Micropore of Crumbs and Micropore Distribution of Crumbs) 

Measured by mercury porosimetry with a mercury porosimeter (micromeritics type AUTOPORE, manufactured by 
Shimazu Seisakusho Co., Ltd.). 

55 

(Rate and Amount of Oil Absorption of Crumbs) 

20 g of dried crumbs were charged in a bag of 1 0 cm x 1 0 cm in size made of 200 mesh filter cloth of nylon filaments 
and immersed for 3 minutes and 30 minutes in an excessive amount of paraffinic process oil (Diana Process Oil PW- 
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90, manufactured by Idemitsu Petrochemical Co., Ltd.)- In each case they were pulled up together with the bag and after 
the drainage of excess oils for 1 0 minutes, weight of the crumbs was measured to calculate how many times of oils were 
absorbed for the weight of the crumbs. Hereinafter, the calculated data was referred simply to as "oil absorption factor." 
The rate of oil absorption of the crumbs was judged from the oil absorption factor for 3 minutes, while the amount 
5 of oil absorption of the crumbs was judged from the oil absorption factor for 30 minutes. 

(Handling Property of Crumbs After the Absorption of Oils) 

In the above-mentioned evaluation for the rate and amount of oil absorption, crumbs after the absorption of oils 
10 evaluated for the oil absorption factor for 30 minutes were placed on a plate made of stainless steel inclined by 60° from 
a horizontal surface, and sagging of the crumbs was confirmed visually The extent of the sagging of the crumbs was 
defined as a judging criteria as to whether the crumbs are easily fed to an extruder or not in order to make evaluation 
of the handling property of the crumbs after the absorption of oils. The crumbs showing greater extent of sagging have 
better handling property 
15 Indication for the result of evaluation of the handling property 
@: excellent, good, X: poor 

(Properties of Molding Product) 

20 After preliminarily mixing 1 00 parts by weight of dried crumb, 40 parts by weight of commercially available polypro- 
pylene (MA-3 manufactured by Mitsubishi Petrochemical Co., Ltd.) and 100 parts by weight of the above described par- 
affinic process oil in a tumbler, the obtained mixture was kneaded under melting at 210°C by a twin-screw extruder to 
obtain pellets. The thus obtained pellets were molded into a flat plate of 10 cm x 10 cm x 3 mm (thickness) in size with 
an injection molding machine. The oil bleed on the surface of the plate, the presence or absence of non-melted matters 

25 in the plate and the state of foaming in the plate were observed visually 

Indication for the result of evaluation of the appearance of the molding product 

(1) 0il bleed 

30 

@: excellent (not observed), O good (slightly observed), X: poor (moderately or largely observed) 

(2) Non-melted matter in the molding product 
35 O '■ not observed, X: observed 

(3) State of foaming in the molding product 

@: excellent (foaming is not observed), O '■ good 
40 (foaming is slightly observed), X: poor (foaming is moderately or largely observed) 

Test pieces were punched out from the molded flat plate and measured for the strength at break and the elongation 
at break according to the method as described in JIS K6301 . The test piece was of a No. 3 type dumb-bell form defined 
in JIS K6301 having 5 mm of width thereof and 20 mm distance between bench markers thereon. The strength at break 
and the elongation at break were measured at a test speed of 500 mm/min. 

45 

Example 1 

800 kg of anhydrous cyclohexane and a solution of 960 g of sec-butyl lithium in toluene at a concentration of 10 
wt% (1 .5 mol as sec-butyl lithium) were fed to a polymerizing reaction vessel and stirred being kept at 50**C. 30 kg of 

50 anhydrous styrene was fed to the mixture at a rate of 0.5 kg/min, and the resulting mixture were reacted for further one 
hour while stirring. Then, 140 kg of anhydrous isoprene was fed to the mixture at a rate of 1 .0 kg/min, and the resulting 
mixture was further reacted for one hour. Finally 30 kg of anhydrous styrene was fed again to the mixture and the 
obtained mixture was reacted for one hour to give 1000 kg of a solution of styrene - isoprene - styrene tri-block copoly- 
mer (hereinafter styrene - isoprene - styrene tri-block copolymer is simply referred to as "SIS") with an average number 

55 molecular weight of 200,000 and a styrene content of 30 wt% in cyclohexane. The concentration of SIS of the solution 
was 20% by weight. 

Raney nickel was added to the obtained solution of SIS in cyclohexane in an amount of 0.2% based on SIS and 
hydrogenation of SIS was conducted under a hydrogen pressure of 50 kg/cm^ to give 1008 kg of a solution of hydro- 
genated SIS (hereinafter hydrogenated SIS is simply referred to as "SEPS") with an average number molecular weight 
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of 200,000, a styrene content of 29.8 wt% and a hydrogenation ratio of 98 mole% in cyclohexane. The concentration of 
SEPS of the solution was 20.6% by weight. 

The obtained solution of SEPS in cyclohexane was warmed to 50°C and subjected to steam stripping at 110°C by 
feeding the solution at a rate of 100 kg/h to hot water (1 10°C) containing sodium dodecylbenzene sulfonate (hereinafter 

5 simply referred to as "DBS") in an amount of 0.15 g per 100 g of the solution of SEPS. 

The obtained slurry of crumbs was dehydrated to give wet crumbs of water content of 45 wt% by twin rolls. In this 
stage, the temperature of the slurry was controlled by steams within a range of 110 ±2°C (first stage of the drying proc- 
ess). Then, dried crumbs of water content of 0. 1 wt% were obtained by drying the wet crumbs under heating with plate 
drier at 120°C (second stage in the drying process). 

10 Table 1 shows the physical properties of the hydrogenated block copolymer and conditions employed in the steam 
stripping process. 

The dried crumbs had a bulk density of 0.23 g/cm^, the total volume of micropores of 0.80 cm^/g and the ratio of 
the sum of the volume of micropores having the pore diameter within a range from 0.14 to 3.9 luim was 15% based on 
the total volume of the micropores of the crumbs. Table 2 shows the oil absorption factor after immersing the crumbs in 
15 oils for 3 minutes and 30 minutes. 

Table 2 also shows the handling property of the crumbs after the absorption of oil and the result of evaluation of the 
appearance, the strength at break and the elongation at break of the molding products obtained from the molding com- 
pound prepared from the crumbs, polypropylene and paraffinic process oil (softening agent). 

As shown in Table 2, the crumbs obtained in Example 1 show satisfactory rate and amount of oil absorption, and 
20 have excellent handling property after the absorption of oil. In addition, the molding product obtained from the molding 
compound prepared from the crumbs of Example 1 also show satisfactory appearance and physical properties. 

Comparative Example 1 

25 Polymerization reaction, hydrogenating reaction, steam stripping process and drying process were conducted in 
the same procedures as those in Example 1 except for changing the warming temperature for the solution of SEPS in 
cyclohexane to 20°C, to give dried crumbs. Table 2 shows various kinds of properties of the dried crumbs and various 
kinds of properties of molding product obtained from the molding compound prepared from the crumbs. 

The dried crumbs had low bulk density and small ratio of the sum of the volume of micropores having the pore 

30 diameter within a range from 0.14 to 3.9 |uim based on the total volume of the micropores of the crumbs. The dried 
crumbs show the oil absorption factor comparable to that of the dried crumbs of Example 1, but have poor handling 
property after the absorption of oil. Further, the molding product shows oil bleeding and has low strength at break. 

Example 2 

35 

1 ,002 kg of a solution of SEPS in cyclohexane (concentration of SEPS: 24 wt%) with a styrene content of 25 wt%, 
a number average molecular weight of 100,000 and a hydrogenation ratio of 98 mole% was obtained by the same pro- 
cedures as those in Example 1 . The solution of SEPS in cyclohexane was warmed to 80°C, and fed at a feed rate of 
1 00 kg/h to hot water (1 1 0^C) containing no surfactant and steam stripping was conducted at 98°C. The obtained slurry 

40 was treated in the same manner as in Example 1 to give dried crumbs of water content of 0.1 wt%. The dried crumbs 
had a bulk density of 0.25 g/cm^, a total volume of the micropores of 0.70 cm^/g and the ratio of the sum of the volume 
of micropores having the pore diameter within a range of 14 to 3.9 |im of 22% based on the total volume of the micro- 
pores of the crumbs. In the same manner as in Example 1 , various kinds of properties of the crumbs and various kinds 
of properties of the molding product obtained from the molding compound prepared from the crumbs were measured. 

45 The results are shown in Table 2. 

Comparative Example 2 

Polymerization reaction, hydrogenating reaction, steam stripping process and drying process were conducted by 
50 the same procedures as those in Example 2 except for changing the warming temperature for the solution of SEPS in 
cyclohexane to 160°C, to give dried crumbs. The dried crumbs had a high bulk density of 0.30 g/cm^, but the total vol- 
ume of the micropores of the crumbs was as small as 0.35 cm^/g and the ratio of the sum of the volume of the micro- 
pores having the pore diameter within a range from 0.14 to 3.9 |Lim was 6% based on the total volume of micropores of 
the crumbs. 

55 Table 2 shows the various kinds of properties of the crumbs and various kinds of properties of the molding product 
obtained from the molding compound prepared from the crumbs. The crumbs had poor rate and amount of oil absorp- 
tion. In addition, the molding product contained considerable amount of non-melted matters, and looks coarse. 
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Example 3 

966 kg of a solution of a hydrogenated styrene - isoprene diblock copolymer (hereinafter referred to as "SEP") with 
a styrene content of 35 wt%, a number average molecular weight of 150,000 and a hydrogenation ratio of 97 mole% in 
5 cyclohexane (concentration of SEP: 22 wt%) was obtained according to the similar polymerization reaction and hydro- 
genation reaction as those in Example 1. The solution of SEP in cyclohexane was warmed to 45°C and subjected to 
steam stripping at 98°C by feeding the solution at a rate of 100 kg/h to hot water (1 10°C) containing DBS in an amount 
of 0.2 g per 100 g of the solution of SEP under a pressure of nitrogen at 3.0 kg/cm^. 

The obtained slurry was treated in the same manner as in Example 1 to give dried crumbs of water content of 0.08 
10 wt%. 

The dried crumbs had a bulk density of 0.23 g/cm^, a total volume of the micropores of 0.60 cm^/g and the ratio of 
the sum of the volume of micropores having the pore diameter within a range from 0.14 to 3.9 luim was 21% based on 
the total volume of the micropores of the crumbs. In the same manner as in Example 1 , various kinds of properties of 
the crumbs and various kinds of properties of the molding product obtained from the molding compound prepared from 
15 the crumbs were measured. The results are shown in Table 2. 

Comparative Example 3 

Polymerization reaction, hydrogenating reaction, steam stripping process and drying process were conducted in 
20 the same procedures as those in Example 3 except for changing the warming temperature for the solution of SEP in 
cyclohexane to 35**C, to give dried crumbs. The dried crumbs had a low bulk density of 0.14 g/cm^ and a total volume 
of the micropores of 0.78 cm^/g, but the ratio of the sum of the volume of micropores having the pore diameter within 
the range from 0.14 to 3.9 luim was 4% based on the total volume of the micropores of the crumbs. 

Various kinds of properties of the crumbs and various kinds of properties of the molding product obtained from the 
25 molding compound prepared from the crumbs were measured. The results are shown in Table 2. The dried crumbs 
show the oil absorption factor comparable to that of the dried crumbs of Example 3, but have poor handling property 
after the absorption of oil. Further, the molding product shows oil bleeding and has low strength at break. 
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Obviously, numerous modifications and variations are possible in light of the above teachings. It is therefore to be 
understood that within the scope of the appended claims the present invention can be practiced othenwise than as spe- 
cifically described herein. 
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Claims 

1 . Microporous crumbs of a hydrogenated block copolymer, wherein said hydrogenated block copolymer is one which 
is obtained by hydrogenating more than 50% of unsaturated bonds derived from conjugated diene of a block copol- 
ymer comprising at least one polymer block consisting essentially of a vinyl aromatic compound and at least one 
polymer block consisting essentially of a conjugated diene in which the weight ratio between the vinyl aromatic 
compound and the conjugated diene is within a range from 5/95 to 95/5, a bulk density of said crumbs is more than 
0.18 g/cm^, a total volume of micropores of said crumbs is more than 0.4 cm^/g and a ratio of the sum of the volume 
of micropores having a pore diameter within a range from 0.14 to 3.9 iitm based on the total volume of the micro- 
pores of said crumbs is more than 8%. 

2. Microporous crumbs according to claim 1 , wherein the ratio of crumbs of particle size from 0.2 to 5 mm based on 
the total crumbs is more than 90% by weight. 

3. A process for producing microporous crumbs of a hydrogenated block copolymer, which comprises feeding a solu- 
tion of a hydrogenated block copolymer in a hydrocarbon solvent at a concentration of said hydrogenated block 
copolymer within a range from 5% to 60% by weight into hot water with keeping the temperature of said solution at 
40°C - 150°C to conduct steam stripping at a temperature higher than the boiling point of the hydrocarbon solvent 
or higher than the azeotropic point of the hydrocarbon solvent and water when they form an azeotropic mixture and 
lower than 150°C, wherein said hydrogenated block copolymer is one which is obtained by hydrogenating more 
than 50% of unsaturated bonds derived from conjugated diene of a block copolymer comprising at least one poly- 
mer block consisting essentially of a vinyl aromatic compound and at least one polymer block consisting essentially 
of a conjugated diene in which the weight ratio between the vinyl aromatic compound and the conjugated diene is 
within a range from 5/95 to 95/5. 

4. A process for producing microporous crumbs of a hydrogenated block copolymer according to claim 3, wherein the 
concentration of the hydrogenated block copolymer in the hydrocarbon solvent is within a range from 10 to 50% by 
weight. 

5. A process for producing microporous crumbs of a hydrogenated block copolymer according to claim 3 or 4, wherein 
steam stripping is conducted at a temperature within a range from 90**C to 140°C. 

6. A process for producing microporous crumbs of a hydrogenated block copolymer according to claim 3 or 4, wherein 
steam stripping is conducted at a temperature within a range from 95 °C to 120°C. 


